INTRODUCTION
This paper describes a new device, named the EMI Tester, that nondestructively detects the conductivity of surfaces beneath protective paint of varying thickness. This device utilizes a microwave stripline placed in contact with the surface to detect surface conductivity. It provides field maintenance personnel with an easy way to evaluate the EMI configuration of aircraft outer moldline surfaces. The device is small enough to be hand-held by service personnel and compatible with the field service environment. BACKGROUND Non-conductive composite materials used for outer moldline surfaces of fighter aircraft are sometimes conductively coated to prevent electromagnetic interference. The fighter aircraft industry has found that fiber reinforced composite materials provide a significant reduction in weight without sacrificing strength. Some of these composite materials such as Kevlar, -quartz-, or glass-fiber reinforced resin systems are not conductive. When used for outer moldline surfaces, these materials do not exclude electromagnetic radiation that may interfere with the operation of on-board electronic systems. To prevent electromagnetic interference (EMI), a thin conductive coating is applied to susceptible outer moldline structures prior to the application of protective paint.
A nondestructive method of detecting these conductive coatings through paint of varying thickness is required to control the configuration of aircraft. During routine maintenance, outer moldline panels may be replaced or repaired. This could result in conductively coated panels being replaced with uncoated panels or repaired areas of panels not being conductively coated. These thin conductive coatings replicate surface features very well, making visual detection impossible after protective paints have been applied. In addition, the thickness of protective paint is difficult to control under field conditions. These observations led to the requirement for an instrument that would differentiate conductive from non-conductive surfaces hidden by protective paint of varying thickness.
A survey of conventional nondestructive evaluation (NDE) and microwave methods identified the microwave stripline probe as the method of choice. It appeared that this method offered the highest probability that we would be able to develop a suitable device within the budget available for the project. The commonly used NDE methods were found to be ineffective or difficult to interpret. For example, ultrasonic and x-ray methods could not detect the thin conductive layer, and the response of eddy current systems was too sensitive to the variable thickness of the protective paint. Microwave relfectometers were found to penetrate too deeply into the structure, yielding false readings when reflective structures were located behind nonconductive panels. The microwave stripline method, to be described by this article, was found to be sufficiently insensitive to paint thickness yet did not penetrate the surfaces far enough to respond to conductive structures behind nonconductive panels. Figure 1 shows the end of the unit with the control switch and indicator lamps. When the "on" switch is activated, a lamp illuminates and indicates whether the surface is "M" (metal; i.e., electrically conductive) or "G" (glass; i.e., non-conductive). The "Batt Low" lamp illuminates if the battery is too low to provide a reliable output signal. The device is light, rugged and easily used by maintenance personnel.
EXPERIMENTAL PROCEDURE
When this inspection requirement was first defined, microwave methods were suggested because microwaves have the ability to penetrate non-conductive materials, such as paint, and sense the properties of the surface beneath the paint. The microwave stripline approach was suggested to avoid anomalous readings caused by reflective Three performance features of the stripline were optimized for this application'. The design of the transitions used to couple microwave energy onto the strip line were optimized for 1-GHz, the width of the stripline conductor was selected to optimize field penetration, and ground plane modifications were used to reduce sensitivity to variations in paint thickness. S-Parameter measurements made with a Hewlett Packard 8510B vector network analyzer were used to evaluate these design features. A patent applications has been submitted on these design features.
After the design of the stripline probe was complete, an experimental procedure was developed for complete characterization of the EMI tester in its final configuration. This testing utilized the microwave electronics discussed in a later section. Free standing sheets of protective paint ranging in thickness from .013 mm to 1.016 mm (0.5 to 40 mils), with and without primer, were prepared by the McDonnell Douglas Aerospace paint booth. This procedure took into consideration the end product requirements. It included a variety of fiber reinforced composite panels and conductive surfaces.
SYSTEM DESIGN
The goal was to build a one pound, hand-held instrument powered by a single 9 volt battery that provided a simple go/no-go indication of surface conductivity. Microwave sources, detectors, filters and cables were all evaluated for compatibility with size and power requirements. A block diagram of the circuit used to make the measurements is shown in Figure 2 . Compatible components were obtained and used to fabricate the prototype device and collect the data needed to qualify it for making the required measurements. A logic circuit was devised to illuminate an indicator lamp labeled "M" for metal if the transmitted signal level was less than 90 millivolts and another lamp labeled "G" for glass composite if the transmitted signal was more than 90 millivolts.
RESULTS
The DC output for a typical sensor on conductive and non-conductive surfaces covered by varying thicknesses of paint is shown in Figure 3 . The minimum value of the detector signal when the stripline was on a conductive surface was 107 millivolts. The maximum detector signal when the strip was on a non-conductive surface was 100 millivolts. This data shows that, although there were variations in both signals, there is a difference large enough to discriminate the two easily.
The EMI Tester described in this paper clearly differentiates between conductive and non-conductive surfaces hidden by protective paint of varying thickness. It provided a simple, nondestructive go-no/go indication of the presence of conductive coatings. This fact was used to design and build hand-held instruments that operate for extended periods of time using the power available from a 9 volt battery. Twenty-five EMI Testers delivered to our military customer in February 1994 are still in service over a year later. The microwave stripline device described in this paper provides a simple way to detect conductive surfaces beneath protective paint of varying thickness. Through the development of this instrument, we have learned that it could have a wider range of applications. Penetration of the fields into the surface being measured and spatial resolution can be controlled through the careful selection of operating frequency and subsequent reconfiguration of the design. The determination of the actual conductivity of surfaces beneath protective paints is just one possible extension of this test capability.
